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Abstract
‘l”his  ~mper  illtr(dLlcc5  all iril[movcci tlorllirwrr  parallel  in-
tcr[c’rerlcc  ccitlccllatiorl  sclmrnc  that significantly r~duces  ttlc
dcgraciirlfi  Qft’CCt of LISCI irltcrfcrrrlcc  with  irIil~lcrrlcrItati(~Il
mrnp]cxity  ]iIlear  ill the II LIIIlh’10f  Ilsers.  ‘l’hesctwrlwop-
matcs  on tlw f a c t  that parailcl  proccssirls  sirrllllt:lricoLlslv
rcrimvm  froln  each user a par t C)f the illterfcrcme  prociuccd
b y  tt~c rcllmillirl~  usels acccssill~ t~lC Cilarillt>l t~lC al IN3Llllt

t)cill~ pro~>or(iorlal  to tlwir- reliability.  ‘1’he paralkl  procc5s-
irl$ cart be dor)e in !nLriti~~lc sta~,es. l’}ic propc)sd  sclKJIiIc
LISCS tentative clccisic)r)  dFVi  CC Sat ttw rrl Llitil)lc  s[a~cs  to [~ro-

(iucc the most reliably  c5tir Imtcci  rccciveci  ciaki  t’c}r p, Cl IC’I-a  -
ti(~n arIcl  callccllatiorl  ot user irltcrfcrcrlce.  Sirrlulatiorl  rL-
sultsarc~, iverl for a rllllitit~l ricc)fcjiffcrcrlt  sit Llatiorls,  irl ~)ar -
ticular,  those cases for which the arulysis  is too complex.
10 llltrortLlctioIl
Multiuser  cc)lrlrIILlrlicatioIIS  Systcrrls  titat  ern~)loy Cede clivi -
siorl ]lluiti~)ic access (~Ilh4A)  exhibit a user capacit,v  iirl~it
ir~  the .serm that there  mists a maxir  II Llrn nLlrnbcr  of’ users
ttmt can sirrlllit:irlcc)LISly  cor IlmLlr~icatc  c)vm  tllc cha Iuwi tor
a s[wcificd  lCv Cl C)f pcrfor]lmllce  per user. ‘) ’his lilrlitatiorl  is
blc)up,ht  at)c)ut  by the ultirllate  clc)nlinatic)rt c)f t}~e oti]er  Ilscr. .
iIltcrfCrellcc  OVCr ttl~’acici  iti\’ctllcrl  Ilalr\cjisc. Overtheyears
rcscarcllers  }lavc’sL)ltfilit  \vaystoextcIlci  tile Lisct  Ca}lacityot’
C’l)MA  Systcrils  either by erllployiIl~  optimum Ilnaxirnur]l-
likelilloo(l(M  1.)]cictcctic)rlor”  il~tcffcrcrlcc  c~~rlcciiatic)rl  (l~’)
r]\ctlmcls[  l-141.  Witllrqprd  tott~ef c)rlller-,t  }\c; \’orkof Vcrci~l
11,?] is ~)crlla~)s  the ]Llost cited in tile litPratLlrc ai,cl t},c OI,C
u})on wllicl~ ]nllch  of tlw otlwr 1~’ork  i s  bawcl.  In V(~rciu’s
work,  the  receiver  structure is cicrivd based  on r]linir]}i7-

the total  iral~slllittd si~rml. As stlc}l, the prcscrlcc  of all M

users  sirllultancol]sly  stmtirl~  the c}mrllwl  is accoulltcci  for
ill  arrivirtg  at tlw Ml receiver. “l”IIc })rirmrry  dift’crcncc t)c-
t;v(l’11  the Str LICt  LIW t}la~ CVOIVCS  frOrll  SLICh arl  a~~lJr(Edi  aIIC\

l’l’hc rcsc’orch  (kscl  ibcd  irl tilis  paj)cr was Carlicd  OL1[  a[ the J C L”
}’ro{mlsiorl  1 .abordmry,  Wiforilia  lrNiLLllc  of ‘itcllrlolop,y,  Urlticr
a contract  with [he. N:lllorml  Aerorlau[ics arid .SIIa cc. A(ir[lillism
[ioIl, arI(l was equ:lliy  furldc(i [tlrollS}l ltlc. I)ircc[or’s  I<csc:lrctl arid
I)isclcliolmry l:UId tllld  ~LlalCOllllll, ]IIC

tlw cor]vclltio]ml  strLlcturc  is tlmtjoint sq14cmr’ dccisiorlsarc
IImcie orl the set of M I]mtc}wcl  fiiter c)ut[~uts as o~IpcLscd tc)
illciivictuai  t)it-t)y-bit  CICcisic)rls  orI mcl  I rIlatChCd  filter c)ut-
put aiollr.

\Yhile  illcimcl SUC}I  o~ltirnurlt  multiuser al~orithrns  of-
fer sip,rlificantly  irllprovect  perforjlmncc by aileviatir]~  t h e
ciisactvirnta~cs  associatcci  with the collverltioxm.1 schcvne,
they unfor turmtcly  sLlfter-  from the fact that their conlplex-
ity ~ro~vs ex~)oncntiaily  with the I)lrrnt)cr of users ar~d the
icllfit}l of t}lc Scc]llc’rice, “l’his fullows  dircctiy from tllc fact
that  t}~e O1,tirllllm  M] decis ion alfic)rittiril  earl t)c ilrl})lP-
lrwrtteci as a Ciyrlalnic l,ro  ,rarll  with tirlw Complexity per

lbt)ilmry (iCcisiorl t}lat is 0(2 ) [15]. \Y}lilr7irl  rnar~y ])ractical

al)[JliCdtiOrlS  such ]Wrforrilar~cc  corn~)lexity  prohit)its  ir[~pip-
Inclltatiorl  c)f the Vcrciu al~oritllrli, its }wrforrnance  is stiil
very mLlc}I of ir[tcrmt  sirlcc it serves as a bcnc})r~mrk agdir)st
lv}~ic}l  to crrr]~~)arc ot}wr  Schcllws  \vit}) icss illi~)ie~l)erltatio[l
corll})l~xity  such  as t}lose ttmt ernplc]y i]~tc~rferencd  cancel  la-
tiorl tc) bc ctiscusseci shortly. ilnother disactvarlta~e  of the
Vctclu al~orit}irn  as well  as rncrst other ln~rltius(r  cietcctors
is t}w nrcmsity c)f kllowilr~  the lclative arllplit Llctcs of the
vari[)Lls  user si~, rrals I)rcsult at ttw iril)Llt to tlw receiver.  One
])ossit)ility aroLlrd  t}iis ciisadvat)ta~e  is to periortn ]Iillltiuser
arnl)lit  Llcic cstirnatiorl  [16]. AT I altcrlmtivc sc}mne  is to ern-
~)loy pouwt Controi  at the tra~isrllittcr  \\’l)icl\ is a cc)rnr]lon  twh-
Iiiciuc usec] irl cclltllar laciio  systcl]is to solve t}~e rlcar-far
~)rot,lclrl.  in t]liscaw, all received  Uwrs  art’ assLllnL’d to have
tllL’ saIl)L’ }Xlwcl.

‘1’tlc l]lost ot)ViOLIS solutiO1\ to t}w 11/~lltiLlscr ilitcrfcrc[)cc
llr Ot)lCIll would  k to ctmi~ll  the Ilscr codes k) have ]rmrc

st!il~~,ctlt  cIc)sscc)r  rclatiol) ~)lc)pcrties sirtcc indccct  it’ the si~-
IIals ~verc trLrly or t}lo~orlal  t})is il\terfercllcc woLIld not ex-
ist. Urlfort LITlatcly,  it is Ilc)t t}m)r-etically  pc)ssit)le  that arly
set of coclcs  w,ili cxhil)it  zer~) croSSCorrLJ]ati[)I]” ill the asyrl-
chrollous case.  Mc)~mvcv, t}w I)ear-far  ])rol)lcm  n~cntiond
above stiil exists L~vcrl for well-ciesisrwd alrnost-orthogollal
Code’s. ‘I”hLIS, t}l~ IllLl]tiUSCr llltC’rfCr C1\(C l)rot)]Crl)  lTILISt bC
dmlt with  alld tdcklcxi florn  allot}wr vicw~)oirlt.

ol)e a])]) roach  is tll(’ so-callc(i  dccofrf’la(ing  r.cct>iw?r  [4].

111 t}lis ~]l(tt~od, tllc diffctc~llt uscls arc Inacic t o  t)ccorne
ullcorrL’latcd t)y a suital)]c  lirl(’ar trallsforrna tiorl. ” “1’tlis lir)-



car tra[lsforrl~atioll  i s  cO1l’rp  Llt Cd by T1lC’asurill~ frll
crossc(~[!clati(~rls  bctwccrl  pairs  of user  Cocic’s  and the It irl -
veltil]~ t}le resuitirt~ ( t y p i c a l l y  hucc) rilatrix  0(
Crclsscc)rlclaticlrls. S i n c e  in prdctical  systcrm  eLICl  I uscv i s
,assi[:~d  ,a vcr,v Ic)n:,  IJN CWIC, each  bl t has  esscintiall,  v a rarl  -
dor]l code assi~nmi  tc~ it. “I’tl Lls,  irl  t}lis case,  tll~’ above  lJro-

ccci~lrc  would IIave to repeated  for each  bit ill Succcssior’r!
Also, since the code crosscorrclatior]s  arc  irlclcd rallcic)rl~
v a r i a b l e s ,  i t  i s  also ~Jc)ssiblc that tile irlvcrse of ttlc
crosscorrelatic)n  rrmtrix rni~llt not exist.
A]wtlwr  pcj~ILIlar ap~jrcmch is to eln~jloy  i~lterfcrcvlcc  cali-
ccllati(~tl, i.~., to atte!ll~~t  rermrval  cjf the multiuser illtcrfcr-
cnce frorl] each user ’s  rcccivcci  si~rml bcfcrrc rlmkill~ Cfatcl
clecisic~lci. lr~ ~mil~cil)lc, the 1~ Scllerllcs  cc)llsiclcrcd irl  tlic
literat  Lrrc  fall irlto  two catcfylrics, rmrlwly,  scri(rl  (succmi2w)

ali(i prrfrllcl  Callcc]l ation. Wit}l rc~arcl  tc) the fc)rllwr,  Vitcrt)i
[6] (scealso I)cr\t [7] and  l’atel and I Iolt7marl  [19]) su~~estccl
coordinateci  proccssiltS  of the rccciveci  si~ilai with a suc-
cessive  conccllation  schcrnc  irl  which the irltcrtmncc  calrwcl
b y  ttlcrt\lIlai  rlill~Llscr  sisrclllc)vcci  frc)rlle:ictiLlscrir\sLIc-
ctxsic)ll.  C)r~cdisacl  valltagec)f  this schcmw is the fact ttlat  a
s}x,cific ~cwrlwtric ]Jc)wer  cdistrit]utic)ll  must k’ assi~lml tc)
tlw LISCIS  ir] c~rclcr t h a t  e a c h  scc t}~e sartw  si~[ml  pcr~vcr-  tc)
t)ack~rotl]ld  lJILisirltcl  iererlce  llc)isc ratio.  “l”t~isc(Jri~esat)c~Llt
t, L’catlsc  c)t’ ttle tact that witl] successive Callccllatic)rl t}lc first
user tc) be ]]rocvsscd sees all ttw irltcrfcmlcc frorll tile rc -
rnaillil~~M-1 user-s  wtwwas each USL, I ctc)w~lsttcall~  scm IL’SS
ald lcssirt  tcrfcrc]lccas  thccancellatic>n  pro,grcssL~s. /\not}lL,r
disaclvarlta~c  Ot’ tl~is sclmlnc  h a s  tcl do wit}i the rm]uircci

delay necessary to fully  accclmplish  the 1~ fcrr all users  irl
the systcrn.  Sirlce t}m 1(’ proccecis  serially, a ciclay ort t}lc
orclcrof Mt]it tirrlmisrequirecl tc)colll~>letc t}lcjot). Never-
ttwlcx+s, Vitcrbi  slmwcci that the successive 1~ schcvlw  cc) Ltlci
a~)}]roactl c}lor}rtel c,a. ~mcity for t}lc a~,~,lep,:itc  Gauss  iarl rloisc
c}mrlrwl.  AS  suet}, tlw SChCr IW CICJCS llc~t bc’cotllc  I]lultiuscr
irltcrfcrcllce  lirnitccj.
I)arallcl  ~]rc)cc+sirlfi c)f multiuser interference siv[t{llf7nro[~sly
rcrllc)vcs  frorll mch user tllc intcrfererlcc [)rociucd  t)y t}lc
rcrllairlill~,  Ilscrs acccssirl~  tt~c ctmnrlc].  11~ this Way, each
user  ill ttlc systerll  receives  equal  tr~wt[licrlt  illsc)far  as tllc
attcrn])t  is lnacic tc) carlccl his or her rllultiple user irltcrier  -
CIICC. Ascorlrpmi w’iththcsctial ~7rc)ccssirl~ sc}lerll{’, sil~cc
tllc 1(’ is ~)crfc~r[lwd  ill parallel for all users, t}m clclay rc-
c]uircd tc)c(lrl~~>lctc  thc>c)~)cratic~r]  isat ll-rest a few hit times.
‘I’llcearly  ~,a~)cr st}latclcalt lvitll]~:ir  ;lllcllc’ rcco~lli?ccl  tlw
desire to arrive at a StrLICtLlrC  that Cc)ulc] be rnc]tivatcd by ttlc
Nil. a})prooc}l.  Irl~~ar  ticLllar, arilLrltistagc  itcratii~ca ])~)r()tlcll
WaS su~~,cstcd by Vararrasi ancl Aaz}mrlp, [8,9] ~vl~ich at a
~ivcrl staSe  c5tirnatcd  a ~iverl user’s  bit ullcjcr the assurll])-
tic~n tlmt tile exact k]lc);vlecl~c  of ttle c)ther users’ t]its  irl t]lc
sallw  t[al~slnissiC)n  itlterval  ILccclccl  to corll~)ute  t}w rllultiusct
irltcr fcrellce  CC)Ll\d  be rcplaccd by mfi)mrtes  c~f tllcsc bits t’rorn
tlw ~]rcvious sta~c. It was irlclecd t}lis basic  iclca u’llich ld

to the rllLlltist,l~(~ iterative schemes Stliwc’quc’ntly  proposed
by YOOII,  Kohno,  arlci I]nai [11-131 arid  Kawfatw et al [ILI].
W}]at  wos ccJrJlrllCJn to all of these  X}lL’I1@s was  the fact that
at cacti  stap,cof  tllc~ itcratic)rl, arl attcrn~]t  was nlacic forcach
user to LCI))/plL,ttTl~  ca]iccl  the irltcrfcrcrlce  caused b,y all thee
Otticr  users.  ? fls ;~’c shall  scc  in this pa[m, this is Imt ncccs -
sar ily t}lc bmt  p}liloso~>hy. I<at}lcr, whrrl  the irlterfcrellcc
C5tirnatc is ~)cmr (as irl the early sta~cs of irltcr JcrL’nce can-
Ccllatic)rl)r  it is ]~rc’tcrat~lc r~c~t to cartccl the erltiw  arnourlt  c)!
e s t i m a t e d  n~LlltiLlser ir}tcrfcrcncc.3  /\s the 1(’ opcratiorl
}~ro~resscs,  tlw estirllatcs 0( the r]]ultiuscr irlterfcrcvlcc irn-
})rovc arlcl tl~us ill the later sta~es of tile iterative schcr[le, it
t)~’cc)rlws desirable to increase the wei~ht  of the irlterfercncc
twi[~~ rt-,]novmi. TtIe motivation be}linci  this approach can
;11S()  be derivd from h41,Cc)rlsid~ratic)lls  as was (ic)r~c  for the
tot:il lC’ a]>~jr(]ach previc)usly  consiciercd.
Wit}i t}lc abc)vc ctiscussioll  iri  rr~ind,  this paper Jmcsents  a
r)ew  parallel irltcrfcrcq~cc  carlccllation sctmne that siSl~ifi-
calitly  reduces  ttlc cte~racli[lr, effect  of rnultiusu  intmfer-
Cv]ce bllt  w’it}l a Cc)ri”rplexity  linear in ttic llurl~tm- c)f users
arlcl Ivittl irnprovcd  ]wrforrlmrlcr  c)vcr the Fmviously corl-
Sicicrd ])ar<allcl allcl serial ~)rocessi~~fi  t e chn iques .  Wherl
cc)lllparcd with classical C’IJMA  withcjut  IC’, the irllprc)vc-
Ilwrlt i]) ~]~’rforlmr[lcc  is cirarlmtic. Althc)ugh  otlr  xherne  is
suitable to t}l~ caw ot’ a rlor~ullifc~rrll  ~}c))ve!  Ctistrit)utic)[l as
Lvel]  as a ulliforlrl  power clistribut ion anlon~ the  Llsers,  in
t]lis ~)a~mr  ~~’c sha l l  prir~-rari]y  focLIs C)II  t}ic Iattcr, ]r~ addi-
tio]~, altlloufill  our schc[tw  is  a~)plicablc’  tc~ asyllchrcrn(~us
tr;Lr15r]~is>ioll, wc shall assume }mre ttmt all users lmvc syl I-
chrormus  data strcallls. This case  rcsul  ts ir~ ~vc)rst case pcr-
forrllar~cc,  i.e., if the ciata transition instants c)f the ;~aric)lls
uwrs arc r~ot ali~rd, t}lcl[ orl the avcra~e  they have less of
arl irlterfcrirl~  effect c}r~ c)ne another.
?.() lMultiuscr Ccrnirt~un ica[ic~rl Systell~  hloclel

We colisicler a C’I)MA cornrnur~ication  system in which
M usrrs arc corlll]l~lrlic:itir~~ siri~~llt:lr~coLrsly at the sanw  rate
over  a cc~mrnc)n  AW<; N cha~~ne] each with a  B1’SK data
lllc)c]ulatiol~  arid t}lc’ir o~vr~ pseuc[c)rtc)ise  (l’N) code As sL]ch
the reccivd si:rlal is the surrl c)f M direct scq~lcvlcc  B1’SK
sif; lm]s C’a Cll w~it}l ~JC)lvcr  Si , bi t  tilne T/J, alicl l’hl (lIi}) tirnc
‘/’c, arid aci(jitivc  wllitc c;aussiarl rl(~isc w i t h  sinfilc-sictccl

~I()\vcr  s~~cctral clc[lsity (1’S[))  NO \v/I lz, At basebarlcl,  this
sip, tml earl tw W,ritterl ir~ the cor[lplcx  fc)rrn4

r(f)  : $,.$,(()  + n(() : f:, J.\, m,(f) PN,(f)c’+’ + ri(f) (1)
,.1 ,,1

2WC stm[l rt’fcr [0 sLlctl a [cc. hrlicl Llc. [Is I)ru[c. fclrcc of [0[:11 irltcrfcr-
cricc c:lricellati(~[l.
‘N’v  slI;lll  refer 10 such a tccllrli([tlc. as wcip, tltc(] irltcrfcrcr]c.c  earl -
CC’ll:llioll.
‘for  corlvcllicrlc~’, we. st]all use corl]l)lcx  Im[a(iorl  [c) rq]rcsenl t}lc
various sip, rlals iri [he. rcccivcl.
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?, J,(/): >~,(j,,p(f- k’/;) is the clata Ilmdutatioll w’it}l kt}~ bit (l,k
k. -

takill~  ollc’cl~li})rot]:lt~lc val LIC’S?  1 arid [Iillt powc~r tcctarl:;  w
laf ~julsc stln~w  p(()  of cl Llratiot-r ~’~ (assLlrmd ic)l simplici-

ty), aIId @i i s  tll(’ car] icl }~t~,~S~. f ‘c, r tl,~’ vqual  usL’r  ]XJLVC[

C;ISC, OIIC  WOLl)(i  have, S, = S; L = 1,2,. ... J~f
W(I  shall assu~l~e  t’c)r the purlmse of arlalysis  arid sirllu -

]atioll that the users  have putcly  rardo[]l  I’N Codm:]  assi~llLd
to tllcIli. It is to be clnp}lasizccl,  howcvu,  that the IC’ Schcrlws
to be discussed irl w}mt fOllOWs apply eqLlally  lvell to ally
a~)~)ro~)riatc set of I)N  CC) CIC’S CIIOSC II for tile LISC’15  ~“)rovidcd

tlmt t h e  cocics arc  k]mkv[l  tc) the rcccivcr.  Ill view  o f  our

assulnptio[l,  over  the bit illtcr  val  O < t S 2:, the itll user’s
I’N wavcforlll  can be expressed i)] t}w fc)rlrl

(:’)/“N’,(() ~ $;ck/)(r - k’];)
k-l

w’hc~c  p([) is a~ait~ a Llnit  p o w e r  rcctarifi  Lllar  pL1l.sc  shape

!Io;v 0( durati  Orl  ‘l:, TI: 7b /7: is the  Iiurrd)cr of I’N c o d e

chips  pm data bit, i.e., the spreaclin~  ratio , arid {c,}} is a

rardorl~  birmry (f 1 ) SCCILICIICC. “1’tlL’  LISC’r”  cOdcS ar~’ SI~C’Cifi  Cd

irl tc’rlnsof  tllc’ir rlorrWlli7Nj crosscorrcl  ation  lmrtrix 1‘ = [y,, ]

witl~ yii : 1 ;  i: l,?,...,  M.

3.0 I)crivatio I~ of tlte h’ew Parallel ltcrated MLllti Llscr
I)ctector
As previoLrsly  stated, the c)ptirnal rll~rltiuser  cietcctor  [11 is
cic[ivcci fro]il a joir~t MI. ciecisiort  orl ttlc M ~lscr  ciata bits irl
a ~ivcrl illtcrvai anti (}lLIS }IZrS  Cx]mlumtial  corrl~)lcxity  iri t}~r
]lullllwr  of users.  Ir]stcad,  wc C} IOOSC  to im~iz’idmlly ciecicic
orl cacll  Lrscr’sciata  bit in t}lis same irltcrvai,  tllc  nlotivatior~
twirlfi  t o  rcducL~  tllc  corrlf)iexity  of t}~e detector.  C’lcariy, ill
clcrivirl~ sucl I ar~ Ml.  rlwtric  for a l l y  Orw Llscr, ollc would
tllcwrc’ticaliy  rwd exact k~low’lcci~c’  of t}le  ciata  bits cor rL’-
sl)(~r\ciir\8  (cl aii t~ie other  M - 1 Irscrs. Sir[cc ir~ctccci t}lis irl
folllmtic)rl is  Irllkrlolvrl,  thC’ atXIVe thCO?L’ticfl/  assLlrn~)tior~
is pmcficfllly  ilivalici. 1 lowcver,  by rc~)lacill~ exact krlo\vi -
eci~c of tlm ot]wr  M-1 user  bit S by Cstirnntcs  of t~lcir val Llc’s,
wc arl ive at arl iterative sclwrlw  Ivhcrcin  eaclt  sta~c  of t}lc
itelatio[l prociuces  lICW  arlci  t)ettm c5tirimtm of the user bits
tmsmi Llpori t}mw obtair~ui  ill tltc ~)r  LwioLls  sta:;c. By soiv -

irl~ this Ml. ~)rot)icrl~ wit}l  tll~ al~c)\’c) cor~ciitiorl  irr~lms~ci,  tvc
arrive at t}]efoiiowirrr,  ciecisiorl  rLllc for t}-rc it}~ user  (assllrl~cci
}mrcin to be tlw user of irltercst)  at t}w kth itcratiorl  sta~c’)(’-...—. .—
‘I;or very Ioag lillcar fcdtmk shil’[  rc~, istcfs, I’F-/  code. s CaII  t)c

[I WLIIIIC([  tO bC })[IICIY rdll(k)II1.

61rltcrcs[irlp,ly  eriou~tl,  (Ilc su~$, cstiml  to for[il a wti~h[cd Sur[l as ir]

(4t>)

i,(k - 1), } p ;,(k l)/(’’-’’$ ’,,
,;:] No

(Sa )

(St,)

III (5[)),  {~,(~ 1)}15  are t}lc rcliat~iiitim  of the bits at the (k-

l)st itelatic)rl (i]litially w e  h a v e  {ti, (())}l~,=  {l(}lfl, ) ar~ci

{ti,(k 1)}{,!,  are ttle corrm}mr,ciir,s  tf,)ltfllizm  Cstirrr<ltd d a t a

bits wliicll  are  ubtairwci by erl~pioyirl~ a tlypetbolic tarlficl~t
forrll of ciccisior~ device. (Otllcr  forllw of ciccisic)n cievices
arc ctiscusscci twio$v.  ) ‘1’hesc Ciecisiorls  arc  referred tc) as
tcr~tativc ciccisioI~s  (for ally sta~c prcvic)us tc) the last) sir~ce
iriciccci ttw firml decision c)r~ t}w Llsersciata  bits  areorliy  Inacie
at ttlc last it(, ratiorl  sta~e,  i.e., after  t}]c i~ltcrfcrcrlce has  bccrl
rcrl~oveci  to wllatcvcr cxtcrlt  is possit>i L’. I’ig. 1 is a mLliti -
sta{;c reccivcr  str Llct Llre writ}] kt}l sta~c as  irl I’i,g.  2 wt~ich
to~tti~cr  forrr[ the W7Ci~~l(d  ](: .SChC’rllC  SLl~gptCCi  by }{q. (~).

‘1’lw  si~r]ific,ir,ce  of t}le }mrarlwters  pi ill (4a) and iYi  ill (5b)
:is tt~ey  relate  to t}lis str Lrcturc\  arc ciisc Lis.smi  t]clow.

‘1’lm Jmrarnetm  ])L ((1 < p~ <1 ) irl  (-la)  is a weight  fdclor

irl t}w ktt~ itcratior~ that re~)rcscrlts t}ic arlmullt  of cal~cclia-
tiorl attcrnptui at ttlat  stafic  ard is a ~~ararrwtcl  to bc opti-
lilizcd  for c’acl~ vaiuc’  of k.7 [rlt Llitivcly, crr~c wc)Llld e x p e c t

t}iat tlw val Llc of p, (wllicll  cic~~cricis 011 ttlc ]mrticLllar  stage
t}ir-oLl~h  t}w  subscri[)t k)  woLIld rnorwtor~ica]iy  incrcasc a s

orw pro~rcsscs to~var(i  t}rc  filial ciata ciccisior~,  i.(’.,  a s  orlc
itcratc~s  rllorL, allci rnorc,  ttw ficiclity of  tlic terltativc  cicci -

siorls illl~]rovcs a[lci t}i LIs  or)c stlc)ulci attcrnpt to carlcci r]wrc

alIcl r]lore ir~tc’lfcrurlcc.  Ir]ci  cd, t}lc rlLlrllcvicai  rmlllts  to tw
],rcsmltd later or] twar out t}~is irlt Llition.

Wit]l rct,arci  to tlic form of tcvltative  ciccision cicwicc Lrseci
at  cacll itcrltior] sta,gc for each  user,  t}wre are .sevcral  c)p
ti(]l~s. ‘i’tw tlypcrtmlic tan~crlt  (soft ciccisic)rl) cievice,  as iri-

ciic;itcci irl (5t)) is oI~tirllLrrn from rllirlirnLlrll llwarl-Wuarcd
. ..— —— .— —. -—
(4a) corllcs  frori]  MI, corlsi(ieralior]s  krwd  or] join[ly ob:;cr-virlg  ~

Crl(i fi, (k - 1) as o}j}msc.(i  [0 ~ alo[ic. ‘Ink s~m~if[c  May ill wtiich
ltlis rlcw arid il[l~)rovc(i  itert([ivc  tcctlrli(iLlc cc)r[lcs atmLlt is dcSCritJC4i

irl grc:i[ dc[ail irl (18],

7};01  thC 111  IC(lU:ll  ~)owcr  USN CaSC.,  J)k aiS()  dC~)CId$  C)a  lhc  ittl lISCr’S



*
. .

error  (.MSI:) cc]rlsicicratior~s  (t~ased ~]1 a c;allssl:lll  il-ltcrf~r-
cncc assum~)tiotl). lndcml  this rc’suit was forllmlly  sho~vli

ill [18] t~y considcril],g  ;,(k) as a llol]lilmar  mtil]mtc  0( at

{;ivc~l ~, ti, (k- 1), arid ~,(~- 1) ‘I”hc  best lwrforllmllcc  usill~;

ttliscicvicc’  Yvill  t)c ot)[ai Ilccf t)yo~)tirni7i  Ii~ tl~c’  w’c>i~llt  (slo~)c)

f a c t o r s  crk irl (Fib). Armthcr  soft tcl~tativc  Liccisioll is a ~i~~f)~~~

cicwicc tv}lic}l is Obtairlcd by aJ)~JrC)xiTr-l:itirl~  Klrlhx by I ill

(E) b), valid for srna]l x. ‘1’hc linear ctccisiorl dcwicc  lms ttlc’

adval~ta~e  tlmt it dots not require }m; ver cstir[mtcs  llor car-
rier dcmodulati  Oil; hcncc,  a diffcrcrltial  dctectiof~ schc[m
call be cIn])lcIycd  illstmd of tllc cohcm~t clctcctiot]  sct IcIiw
assu  Incc! lwm.  F’inally,  a hard dccisic~n can bc usccl w h i c h
providma  tcrltativc bit polarity for t}lel~cxt itcratio~~ard
corrcs~wrlcis I(O a~]~>rc)xirrlatirlg Lirltlx by sgr,.z irl(!ib),  valid
for ]al~,CX. “1’]IC  lllCritSOf  al! t~l~sc  ]) OSsitJi]iti  CSall C] OthCIS
arcdiscusscd  ill rnorc  detail  in [181.
4.0 l’erforrtlarlcc  l<csults
Ttlcarlalysisof  the pcr-fc)rinar~ce  o(a sirlSlcsta Sc ir~tcrfcr-
erlccca rlcclla ticJrlis Sivcrlirl[181arlci  isqLliteteciic>lrstc)cl~)-
talr~ dcs}]itc lnany slrli~>lifyirl~  but  valicl assurll~~tiorif.  }:x-
tcldi[~~  thearlalysis to orlly two  stases iscvcrl ll~orc colll-
]Ilicatecl;  hCIICC, it is cxpectitic)us  to obtairl  tllc pcrforr]mlw~
ofa k-sta:,c  iterative I(: SCllCIl~C florncorllpukl  sirrlulatioil~.
~[)ft~,arc  ~)rc)~,r:,ll,s  }Iavc becr~ ;~’r ittcll to :lwdc’1  user  trdrk -

IIlittcrs arlcf the base statiorl r ece ive r  in the corl~~jlcx
basctmld Cio]lmirl. Rariciom l’hr cocics are ~)crmatcd  for cac}~
USCr  and UscCl to s~”~lCaC1  his clr hel  ralld  O1ll data bits. “1’}lC
rcsu]ts  of tllww sprcaclir~r,  o~wrcitior~s  arc  rziultiplicd  t~y tllc

c~)r]l[)lcx  forrnof the carrier phases, c’$l~!l, follo;vin~  whicl~

corl~plex (;aussian rioisc wrnpics  arc acicicd to tt~c Co fllbinccl
received Sifirlal with al kast  clrlc  saTn[)lc ]]cr chip  ti]ne. ‘1’tw
carrier }~t~ascs which arc  gcrleratecl  irldcpcrldcrlt]y  fc)r  eac}l
~lser are  assumed to be constant over the intc~latioll  time of
t}~c detector arhd ur~iiorlnly ClistribLltcd  irl t}lc irlter val ( ( ) ,
?rr),

It is colnlmr] ill analyses of (IJMA systcrns  [171 to dL’-
fillc {i drc~rfldflfiotl  factor, l), as the ratio (ir~ clt~) of tllc 1:, /A’O

ILyuitecJ tc) ac}licvc a Sivcrl bit mror rate irl tl~c [)rcscrlcc of
A4 U5C15, to that wtlicll  ~vould be rcquirwt  to ~ctlicIrL’  ttlL
sar)lc level  of lJcrforrrmrlce if ol~ly a sillSlc  user was com-
lnul~icatirl~.  ‘l’tic ~wrforlll:irlce results to be ill~lstratccl arc
~,lots of tliis clesraclatiorl  factc)r’  vcrsLls the rlulnbcr  c)f users
M for fixccf values  O( procc’ssirl:  ,gairl 7) and bit error  prot]-
at)ility  Pb(F;).

The proposed IC’ schcrlics  were silllulatml wit}] o~)ti-

ll[i~Cc]  values  of the Wcifl}lt  ‘ac’tors, /)k, ‘r])  tc) t}]rcc sta~es.

‘1’tm pcrforrmrlcc xcsLllts described above arc illustrated ir~
}’i~. 3 for linear arid irl I’iS. 4 for Imrllillcar  (hard ciccision)
tcrltativc ciecisiorl  dcwiccs alorl~, wit}l t}ic corrcs~mrlclirl~
sirllLrl;itic)rlallCl  armlysis  rcsLllts for a sinclc  sta~c  brute-fc)rcr

(total  carlccllatiolJ  schcrllc.  AISO illllstlcltcd  arc t})c r e su l t s

(OI corl\,crltiorml Cl )MA with rlo irlt~’rlermicc cancellation.
WC c)bser ve t}mt, t’or tlw ~xrrar]wtcrs  cunsictcv~xl  and ur~ccxlcd
l;l’SK us~n, a ttircc  st;i,gc rlo[~lirwar 1<: sctlcrlk’ allc]ws  as

rlmlly as SO users with a cic~radatiorl  Ot’ orily 1 dB as corll-
~mrcii to 9 users ill a convcr~tior~al  (’IJMA  systerl~ with the’
sarlw cicp, radat ior). ‘1’his iclcally  rc[jrcscllts al I al]~)c)st r]iric -
folci ir]crcasc in tllc Llscr capacity Oi the’  systcrn.
5.() Multipatll ~or~siclcratio)[s
III bottl t}m arlolysis  arid sirltulatic)rl  results })rcscntccl  here,
we ass~]rld  arl AWC; N challr~cl.  If r]~ulti]mth is ~)rcsmt  ard
ass Llrncd to be krmwrl,  then t}lc follow  irlp, mociificatic)ns  of
tlw above SCllCIIiC  wc)Lllci  take }]lacc. First, ill tlw cicscrip
tiorl 0( the received  si~rlal,  one woLlld rq}lace  tlw mc)clLlla -

tl(J1l pUISC’ s h a p e  p(f)  With its ChallrlC] OLltpUt  VC’MiOI\,

1

rlarl~cly,  p’(~)= >~~p(l-  2,), wllcrc 1 is the n u m b e r  o f
1.1

lnulti~mth  rays, 7, are the nlLrltipatll  delays, arid h, the

l~lLllti}klth cf~atlncl cc)cfficicrlts. Next, tile cc)t’relator ir~ the
r~Tcivcr  would be rc~)laccci by a I<AKI:  corllbirwr,  arid fi -
rmllv ttw rcs~~r~’acicr (rIILllti~~lic:itic)ll  0] t}lc tcrltative dcci -
siorl by tllc I’lN cocic)  w’ould  bc rcplacrci by a circuit ixnitat-
irl~ ttlc ct’fccts  of ttw rrlultil),~t}l  ori the I’N CCJCIC. ‘l’his circuit
Slwillci corrl~~lltr

(6)

6.0 (’ortclusiorls
‘1’tlc irlcllisio[i of rll~lltista~c  ~mrallcl  irltcrfcrcnce  ccrrlcclla-
tiorl ill a ~1 Jh4A receiver earl si~t~ificaritly  irn~)rove  its per-
for[lm~lce relative tc) t}~at of a corlvcrltiorlal  (IIMA receiver
wlwr~, Im il~tcrfcrcr~cc carwcllatiorl  is attcll~~]tccl. A wci~}~tcct
irltcrfcrcllcc  car~cellatior~ philosop}ly,  ir~ w]lich  ttlc armLlr~t
of ir~tcricrcl]cc carlccllccl is rclatccl  tc) tlw fidelity Of the tL’ll-
tativc  ciccisic)rls involved ir~ for[llirl$  t}w irltcr fctcnce  csti-
]rmte, is ill grrwr;il  Su])crior to a brllt{’  force philosop}ly  of
critirc~ly car~ccllirl~ ttlc irlterfcrcricc  at cacll  sta~e.  ~JsirlS a
}ly~mrbo]ic  tall~c[lt  Clclice fol rnakirlfi tl~c tcr~t(i tivcctccisior~s
at tl~c vario  Lls sta~, es of t}~c car~ccllatic)tl  ])rc)ccss is sL!pcr ior
to ~lsir~fi eit}lcr a  }Iard  lirnitcr  c)r lir~car c!cvice. ‘I”tle Iillc:ir

rlcvicc  OII the ot}ler har]d has t}w advarltafie tl~at the r~~ccivcr
irllf]lcrl~crltati(lrl  dom riot require krlow’lcdxe  of the Llscr
~m;v[~rs lmr does it need ctirricr  syl]clirc)r~izatic)r~  at the vari-
OLIS  sta~; cs, ‘[’he latter ir[l~)lies  that tll~’ fi[lal data decisions
cari be pmfolrllccl  wittl  a cfifiercrltiai  (rathm t}larl a colwr-
crlt) detector. ‘I”hc’ tccllr\iqLle is cqLlally a]~l)licablC to urlcocied
as well as coded  rlwdLlkitiolls  the latter bcinf,  discussed ir~
[18].
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